SINCE the introduction of external cardiac massage the technique and results of cardiac resuscitation have received much attention, but less information is available on the effect of cardiac arrest on respiration and circulation. The authors, who provided a resuscitation service for a general hospital, were particularly interested in these aspects and in thirty-eight of the first 100 patients they obtained an assessment of the respiratory and acid-base disturbances. The technique and results of resuscitation ai e discussed together with the results of acid-base and respiratory assessment.
Patients
In the 30-month period between December 1962 and June 1965 cardiac resuscitation was attempted in a total of 100 patients at the Central Middlesex Hospital. The diagnoses and ages of the patients in whom resuscitation was attempted are shown in Table 1 and Fig. 1 . Seventy-four were men and twenty-six women. Except where cardiac arrest occurred as a result of diagnostic or therapeutic misadventure, resuscitation was not attempted in patients over 65 years of age. 
Electrocardiographic findings
The initial electrocardiogram showed ventricular fibrillation in forty-one; asystole or complete heart block in forty-two. In the remainder a permanent tracing had not been obtained. A delay of many minutes frequently occurred before the electrocardiogram was recorded and the rhythm found may therefore not have been that present at the time of cardiac arrest. The long-term success rate with ventricular fibrillation was three out of forty-one (7%) and with asystole nine out of fortytwo (21 %). In the remaining nine long-term survivors the rhythm was not known.
Pacing
External pacing was attempted in twenty-nine patients with asystole or complete heart block but it was successful in only two patients, both of whom had complete heart block. Internal pacing was used in two patients, one of whom was a long-term survivor.
Complications
The complications encountered are shown in Table 2 . Rib fractures were common but were regarded as serious only when they were so extensive as to require ventilation for stove-in chest. Of the twelve patients with cerebral damage, nine died without leaving hospital; one patient with barbiturate poisoning was presumed to have diffuse cerebral damage but has had an improvement in personality as a result. The remaining two (Scholtz et al., 1959) . Acid-base status (Fig. 2) The results are presznted on a Pco2-bicarbonate diagram (Campbell, 1962) . Thirteen of the patients had a normal blood pH (7-3-7-4) Arterial oxygen (Fig. 3 ) Afterial oxygen saturation was above 93% in nine patients (25%). The results for oxygen and carbon dioxide tension are presented on an oxygen-carbon dioxide diagram (Rahn & Fenn, 1955) . As these patients were ventilated with 100% oxygen inspired oxygen tension was 713 mm and the respiratory exchange line (R) has been drawn from that point. The horizontal distance between each point and the R line is proportional to the alveolar-arterial o x y g e n tension difference (A-aDo2). There is an error in calculating oxygen tension from arterial oxygen saturation in those patients with a saturation greater than 94%. Lactic acid (Table 3) Lactic acid levels were measured on samples taken after short periods of cardiac arrest before the administration of sympathomimetic drugs in thirteen patients and found to be consistently high.
Discussion

General
Variable long-term survival rates have been reported for resuscitation by external cardiac massage, ranging from 6% (Himmelhoch et al., 1964) to 54% (Day, 1965) . Jude & Elam (1965) , reviewing 290 cases, found an overall success rate of 30% in the larger series. The success rate in this series may reflect in part the exclusion of older patients. We feel this policy justified in our (Day, 1965) 
Atftercare
The death of more than half of the patients in whom immediate resuscitation had been successful (twenty-five died of the forty-five in whom the heart was restarted), illustrates the difficulties of after care. Results will be poor unless the underlying disease can be effectively treated. Patients with drug overdosage and respiratory failure can do relatively well; those with neurological disorders severe enough to cause cardiac arrest do badly. Patients with myocardial infarction do well if the arrhythmia can be controlled. Drugs often fail to do this and internal pacing may be necessary (Siddons & Davies, 1963; Sowton, Leatham & Carson, 1964) . Multiple cardiac arrests do not necessarily imply a poor prognosis. Three longterm survivors had a total of seven arrests between them.
In addition to the treatment of the underlying disorder, once the heart has been restarted an adequate circulation must be restored. Vasopressors were often unsuccessful in maintaining the blood pressure. Renal failure did not occur in any of the survivors possibly due to the prompt administration of mannitol. Heparin was given routinely since these patients are particularly liable to deep vein thrombosis. At least one patient died from fat embolism and evidence of fat embolism has been found in the lungs of all cases in whom it was sought at autopsy (Dr R. A. B. Drury, personal communication), the effects of which might have been mitigated by giving heparin.
Complications
In general, long-term survivors regained consciousness within 24 hr although minor degrees of confusion often persisted for several days. Retrograde and post-arrest amnesia were common even in those regaining consciousness immediately.
Chest injuries may be reduced by careful attention to technique especially the application of force vertically over the sternum, thereby avoiding shearing strains which are particularly liable to fracture ribs. Artificial ventilation in four patients with stove-in chest did not present any problems. Despite the frequency of rib fractures, rupture of internal organs did not occur. Continued education of staff has done much to reduce the incidence of complications.
Acid-base status
Our results represent the state of the patient after partial correction of acidosis by infusion of sodium bicarbonate (200 mEq) and ventilation. In sixteen of the patients this was successful in producing a normal or even elevated pH. In the remaining patients acidosis persisted. Two factors were responsible-the metabolic acidosis of circulatory arrest and the respiratory acidosis from underventilation. Respiratory factors seemed more important in those patients in whom sodium bicarbonate had been given. Of the twenty-two acidotic patients there was significant underventilation in eighteen (47% with Pco2 over 50 mmHg). It is probable that closer attention to ventilation can lower the carbon dioxide tension and so eliminate the respiratory factor in the production of acidosis; three patients had a carbon dioxide tension less than 30 mmHg; one of these with a carbon dioxide tension of 10 mm had completely compensated for a fall in bicarbonate to 7-5 mEq/1. We were surprised at the frequency of underventilation for we were much aware of the need for vigorous ventilation and laid great stress on it.
At the time of sampling infusion of sodium bicarbonate had partially corrected the metabolic acidosis in all but eight patients so that plasma bicarbonate was below 10 mEq/1 in only four patients. Cardiac arrest in this group does not seem to have produced severe metabolic acidosis. Metabolic acidosis would be expected during the period of complete circulatory arrest and would probably increase as the result of a low cardiac output-2 1/min approximately (MacKenzie et al., 1964)-during external cardiac massage. Several reports confirm that metabolic acidosis does follow cardiac arrest in man (Brooks & Feldman, 1962; Stewart, 1964; Smith & Anthonisen, 1965) , but there is less information on its severity. Ledingham & Norman (1962) found a fall in buffer-base of 1-1 mEq/l/min in dogs with circulatory arrest. Data for man are not available. Schemes for bicarbonate therapy based on an assumption of the standard bicarbonate, body weight and duration of arrest have been proposed by Smith & Anthonisen (1965) and Gilston (1965 H+La+NaHC03:NaLa+H2CO3-NaLa +H20+C02 This reaction proceeds to completion only when the carbon dioxide is removed from the lung by ventilation. Overcorrection is preferable to undercorrection for metabolic acidosis decreases myocardial contractility, perpetuates arrhythmias and decreases the action of vasopressors. There is a theoretical hazard that overventilation may reduce cerebral blood flow, but we feel this is the lesser risk. An initial effort to defibrillate the heart is made as soon as possible but in refractory cases an attempt to completely correct acidosis which may then be followed by successful defibrillation.
Oxygen
Himmelhoch (1964) and Smith & Anthonisen (1965) found oxygen saturation to be normal in their patients. In the majority of our patients the saturation was below normal (oxygen saturation less than 93%, in twenty-nine patients-76%). Oxygen tensions were particularly low relative to the inspired 100% oxygen and there was a very wide A-aDo2. Oxygen transfer is not diffusion limited at the high inspired oxygen tension, therefore this difference must be due to ventilationblood flow imbalance for there is no evidence that these patients had an anatomical shunt. It is not surprising that disturbance of ventilation and blood flow should be so abnormal as to produce such a very severe disturbance of oxygen transfer. Cardiac output is low and perfusion must be very abnormal. Positive pressure ventilation produces abnormal distribution of inspired gas. These abnormalities are to some extent overcome by the use of pure oxygen. When air is used for ventilation arterial hypoxaemia is likely and will be increased by diffusion limitation which almost certainly occurs. Early intubation and ventilation with pure oxygen are therefore very important.
Summary
A cardiac resuscitation service is described. Twenty-one of the first 100 patients treated survived to leave hospital and return to work. Assessment of acid-base status and arterial oxygenation was made in thirty-eight of these patients. The results indicate the need for vigorous ventilation with pure oxygen. In the great majority it was found that infusion of sodium bicarbonate 200 mEq corrected the metabolic acidosis. It is suggested that this empirically derived quantity should be given as a routine especially when there are no facilities for assessing acid-base balance.
